Abstract. Psoriasis is a chronic inflammatory disease characterized by the abnormal differentiation and hyperproliferation of epidermal keratinocytes. The aim of the present study was to investigate the mechanism by which microrna-125b (mir-125b) inhibits the activation of the bromodomain-containing protein 4 (Brd4)/notch signaling pathway in psoriasis. The contents of associated mirnas in serum samples from 32 patients with psoriasis were detected by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The most significantly downregulated mirna, mir-125b, was screened out. in experiments using HacaT cells, the association between mir-125b and cell proliferation was observed using a cell counting Kit-8 assay, that between mir-125b and the notch signaling pathway was observed by western blotting and rT-qPcr, and that between mir-125b and the upstream molecule Brd4 of the notch signaling pathway was observed by luciferase reporter assay and western blotting. The proliferation of HacaT cells became apparent following mir-125b inhibition. The Jagged-1 ligand in the notch signaling pathway was upregulated, the active intracellular domain of the notch1 receptor was increasingly truncated, and the notch signaling pathway was activated. Furthermore, the inhibited mir-125b contributed directly toward the upstream protein Brd4 3'-uTr of Jagged-1, ultimately activating the notch signaling pathway with the upregulation of Jagged-1. in conclusion, the proliferation of HacaT cells mediated by the Jagged-1/notch signaling pathway was decreased with the mir-125b-mediated inhibition of Brd4 expression. Therefore, mir-125b may be a biomarker and potential therapeutic target for psoriasis treatment.
Introduction
Psoriasis is a common chronic inflammatory skin disease and affects 0.1-3% of the world population (1) . This disease is stubborn, recurrent and difficult to cure, and seriously affects the quality of life of patients (2) . The immunological mechanism of the onset of psoriasis is of great concern. Psoriasis is a chronic inflammatory condition, where psoriatic lesions are formed through the interactions between keratinocytes and immune cells. abnormal human keratinocyte proliferation is an important feature of psoriasis. The hyperproliferation and abnormal differentiation of keratinocytes comprise the typical histopathological basis for the formation of epidermal hypertrophy and parakeratosis (3) .
Typical notch signaling pathways have been introduced. Mammals possess four types of notch receptors (notch-1, notch-2, notch-3 and notch-4) and five types of ligands (Jagged-1/-2 and delta-like 1, 3 and 4). The notch signaling pathway serve an important role in cell differentiation, proliferation and apoptosis (4) , and it is correlated with inflammation. This pathway is active in numerous inflammatory diseases, including psoriasis, rheumatoid arthritis and systemic lupus erythematosus (5, 6) . Jagged-1 expression is markedly upregulated in patients with psoriatic lesions as the binding of the Jagged-1 protein to the notch receptor activates the notch signaling pathway and promotes epidermal hyperplasia (7) . Jagged-1 protein is a transmembrane protein on the cell surface and is widely present in different cells of the peripheral immune system. in particular, this protein serves important roles in the activation, proliferation and differentiation of peripheral cd4 + T cells (8) . Therefore, the Jagged-1 protein-mediated notch signaling pathway may be involved in the hyperproliferation of psoriatic keratinocytes and the abnormal activation of the immune system (9). Micrornas (mirnas) are single-stranded, non-coding, short rna molecules. They are gene expression regulators that trigger target mrna degradation and inhibit translation, thereby regulating biological processes, including cell proliferation, differentiation, apoptosis and tumorigenesis. Therefore, mirnas serve critical roles in epidermal disorders, including psoriasis. mir-31 was observed in lesional and non-lesional skin of patients with psoriasis and was triggered by activating nF-κB to promote keratinocyte hyperproliferation in psoriasis (10, 11) . additionally, mir-21 inhibits the apoptosis of activated T cells in psoriasis (12) . Furthermore, mir-125b is becoming a popular area of molecular research. it is highly expressed in skin stem cells and in an inducible mouse system, and is associated with stem cell differentiation and inhibition (13) . By identifying the potential role of mir-125b in psoriasis pathogenesis, researchers have noted that the most notably downregulated mirna in psoriatic skin is mir-125b. as indicated by in situ hybridization results, the cell type mainly involved in the downregulation of mir-125b in psoriatic lesions is the keratinocyte, and a decrease or loss of mir-125b in psoriatic skin may cause abnormality in the hyperproliferation and differentiation of such cells (14, 15) .
When mirna was detected in the sera of 32 patients with psoriasis in previous studies, the expression of mir-125b was markedly decreased. Bromodomain-containing protein 4 (Brd4), a member of the Bromodomain and extra-terminal domain (BeT) family, activates the nF-κB signaling pathway and is associated with inflammation and cancer (16, 17) . The association between mir-125b and the Brd4/notch signaling pathway with regard to psoriasis has been poorly reported. The present study aimed to investigate the mechanism of action between mir-125b and the Brd4/notch signaling pathway, and to investigate novel targets and ideas for treating psoriasis.
Materials and methods
The present study was approved by the ethics committee of the northern Jiangsu Province Hospital (Jiangsu, china).
Human serum. A total of 32 subjects (18 males and 14 females; aged 18-39 years; mean age, 27.28±6.33 years) were enrolled in the present study. The sera of 10 healthy volunteers (5 males and 5 females; aged 20-35 years; mean age, 28.1±5.53 years) for the control group were provided by the department of dermatology of northern Jiangsu Province Hospital (Jiangsu, china). The sera were sampled, centrifuged (1,000 x g for 10 min at 4˚C) and stored at -70˚C.
Cell culture. The HacaT and 293T cells were purchased from chinese academy of Sciences cell Bank (shanghai, china). The cells were cultured with RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), supplemented with 10% fetal bovine serum (Hyclone; GE Healthcare Life Sciences, logan, uT, uSa) and 1% streptomycin-penicillin (Gibco; Thermo Fisher Scientific, Inc.). . cells were inoculated at 1x10 5 /ml in 96-well culture plates (~5,000 cells in 100 µl medium per well), 100 µl serum-free medium was then added, and cells were starved for 6 h. The medium was replaced with complete medium containing different concentrations of daPT (5, 10 and 20 nmol/l; cat. no. HY-13027; Medchemexpress llc, Monmouth Junction, nJ, uSa). controls included three wells without cells, and three wells with saline-treated cells. The complete medium was replaced with 100 µl serum-free medium containing 10% ccK-8 dye after 1, 2 and 3 days, and cells were cultured for an additional 1 h. The optical absorbance at 450 nm for each sample was measured using an absorbance microplate reader (elx800 Absorbance Microplate Reader; BioTek Instruments, Inc., Winooski, VT, uSa). Survival of neurons in the saline control group was defined as 100% and the results are expressed as percentage relative to the control values.
Cell Counting

RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total rna was extracted using an rna extraction kit (rna Quickly extraction Kit, BioTeke Corporation, Beijing, China). Following quantification, rna was reverse transcribed into the first strand of cdna using an an iScript™ cdna kit (Bio-rad laboratories, Inc., Hercules, CA, USA) at 37˚C for 15 min and 85˚C for 5 sec, prior to storage at 4˚C. Real-Time PCR Detection was performed using iTaq™ SYBR-Green (Applied Biosystems; Thermo Fisher Scientific, Inc.). The samples were treated with recombinant DNase I (DNA-free DNA removal kit; Ambion; Thermo Fisher Scientific, inc.) to remove possible dna contamination. β-actin was used as an internal control. The primer sequences used during the present study are presented in Tables i and ii. The thermocycling conditions were as follows: Initial pre-denaturation at 95˚C for 1 min, denaturation for 15 sec, annealing at 55-65˚C for 20 sec and extension at 72˚C for 30 sec. A total of 50 cycles were performed. Based on the cq value and relative standard curve of the Pcr product, the amount of rna template contained in each specimen was determined and compared with the amount of β-actin. The specific value of the amount of RNA template to that of β-actin was adopted as the final statistical value. The results were processed using the 2 -ΔΔcq method (18) . Fisher Scientific, Inc.) and anti-rabbit IgG antibodies (1:5,000; cat. no. 31460, Thermo Fisher Scientific, Inc.) for 2 h at room temperature. afterwards, the membranes were developed using the enhanced chemiluminescence substrate lumiGlo (eMd Millipore, Billerica, Ma, uSa) and exposed to X-ray film. The bands were analyzed using Gel-Pro Analyzer 4.0 (Media cybernetics, inc., rockville, Md, uSa).
Bioinformatics analysis.
The target genes of mir-125b were analyzed using the target prediction tool TargetScan version 7.1 (http://www.targetscan.org/vert_71/) and miranda version 3.3a (http://www.microrna.org/microrna/home.do).
Transient transfection. The cells (50% confluence) were transfected with mir-125b mimic (50, 100 and 150 nmol/l), inhibitor (25, 50 and 100 nmol/l) or Brd4 small interfering RNA (siRNA; 50 nmol/l; all Guangzhou RiboBio Co., Ltd., Guangzhou, china), according to the manufacturer's protocols. For experiments where only one concentration was used, cells were transfected with 50 nmol/l mimic/inhibitor/sirna. miR-negative control (NC; 50 nmol/l), inhibitor nc (50 nmol/l) and si-nc (50 nmol/l) were used as respective transfection controls. The transfection reagent used was lipofectamine ® 2000 (Thermo Fisher Scientific, Inc.). The sequence of BRD4 siRNA was 5'-Gac uaG aaa cuu ccc aaa uGu cuu uca aGa Gaa Gac auu uGG Gaa Guu ucu aGu c-3'. The sequence of mir-125b mimic was sense, 5'-uca caa Guu aGG Guc uca GGG a-3' and antisense, 3'-aGu Guu caa ucc caG aGu ccc u-5' . The sequence of mir-125b inhibitor was 5'-uca caa Guu aGG Guc uca GGG a-3' . The sequence of mir-nc was 5'-GGc uGc cua cuu aGc uuG aGa GuG-3'. The sequence of inhibitor nc was 5'-acG GGu GuG acc acu cca GGc uGc-3'. The sequence of si-nc was 5'-cca ucu ccc GGu aca aaa ucu Gcu-3' . at 48 h following transfection, the cells were used for protein extraction.
Luciferase reporter assays. The wild-type 3'-uTr (3'-uTr-WT) of Brd4 containing the mir-125b binding sites was purchased from Guangzhou riboBio co., ltd. Mutant Brd4 3-'uTr (3'-uTr-MuT), in which mutations occur in the conserved binding sites for mir-125b, was generated using overlapping extension Pcr. The fragment of Brd4 3'-uTr-WT and the mutant 3'-uTr fragments were inserted downstream of the Renilla luciferase gene in psicHecK™-2 vectors (Guangzhou riboBio co., ltd.). The sequence of 3'-uTr-WT of Brd4 included the putative binding sites of mir-125b, whereas the sequence of 3'-uTr-MuT of Brd4 did not. Subsequently, the psicHecK-2 vectors with 3'-uTr-WT or 3'-uTr-MuT regions of Brd4 were co-transfected with mir-125b mimic or mimic control using lipofectamine 2000 into 293T cells. at 2 days following transfection, luciferase assays were performed according to the manufacturer's protocols (Guangzhou riboBio co., ltd.) in triplicate. Renilla luciferase activity was normalized firefly luciferase activity for each well, yielding a gene expression ratio. duplicate readings were averaged to generate a single ratio value per well. Values were then normalized to the average value of the control within the same cell line and experiment to yield the relative luciferase activity.
Statistical analysis. SPSS 19.0 statistical software (iBM corp., armonk, nY, uSa) was used for all statistical analysis. Data are presented as the mean ± standard deviation, and data were analyzed using one-way analysis of variance, followed by a Bonferroni's post hoc test for multiple comparisons. all experiments were independently repeated 3 times and P<0.05 was considered to indicate a statistically significant difference.
Results
Analysis of miRNA in the serum. certain mirnas, including mir-125b, mir-200c, mir-200b, mir-19b, mir-152, mir-296-5p, mir-30d, mir-611, mir-491-3p, mir-23b, mir-95, mir-210, mir-224, mir-26a, mir-200a, mir-27b, mir-328 and mir-376a, are associated with the in vitro and in vivo differentiation of human keratinocytes and are hypothesized to serve a role in the proliferation of psoriatic keratinocytes. as detected by rT-qPcr in the sera of 32 patients with psoriasis, the mir-125b expression in the group of patients with psoriasis was more markedly downregulated than that in the control group of healthy volunteers (Fig. 1) . The expression levels of mir-23b, mir-95, mir-210, mir-224, mir-26a, mir-200a, mir-27b, mir-328 and mir-376a were also upregulated to varying degrees (data not shown). 
Inhibiting miR-125b upregulates the mRNA and protein expression of downstream target genes of the Notch signaling pathway and increases the proliferation of HaCaT cells.
analysis of mirna contents from the sera of patients with psoriasis revealed that mir-125b was downregulated. The abnormal proliferation of psoriatic keratinocytes is associated with the activation of the notch signaling pathway. Therefore, the association between mir-125b and the notch signaling pathway was investigated. mir-125b inhibitor was added to HaCaT cell culture fluid. Transfection with miR-125b inhibitor significantly decreased the expression of miR-125b in HaCaT cells (Fig. 2a) . additionally, after 48 h, the mrna and protein expression of downstream genes (Hes1, Hey1 and Hey2) of the notch signaling pathway was upregulated with markedly increased cell proliferation (Fig. 2B-d) . The inhibitor daPT of the notch signaling pathway was added with the mir-125b inhibitor to the HaCaT cell culture fluid; consequently, HaCaT cell proliferation was inhibited (Fig. 2e) .
Decreasing the abundance of miR-125b upregulates Jagged-1 expression and thereby activates the Notch signaling pathway. as indicated, the mir-125b inhibitor may upregulate the downstream genes of the notch signaling pathway, and the cell proliferation mediated by the mir-125b inhibitor may be suppressed by an inhibitor of the notch signaling pathway. Therefore, mir-125b may control HacaT cell proliferation by regulating the notch signaling pathway. inhibiting mir-125b upregulated the expression of ligands of the notch signaling pathway, including Jagged-1, Jagged-2 and δ-like canonical Notch ligand 1 (DLL1; Fig. 3A-C) . Jagged-1 is the most (Fig. 3a) . Simultaneously, the Jagged-1 protein expression was increased by three different concentrations of mir-125b inhibitor (Fig. 3d) . Furthermore, nicd1 is induced through mir-125b inhibitor (Fig. 3e) . To further investigate the association between mir-125b and notch signaling, cells were transfected with miR-125b mimic, which significantly upregulated mir-125b expression in HacaT cells (Fig. 3F) . When the mir-125b mimic was added, Jagged-1 was inhibited, and the release of active intracellular domain nicd1 from notch1 was concurrently inhibited (Fig. 3G and H) . notch2 intracellular domain (nicd2) was upregulated, but to a lesser extent than nicd1 (data not shown). The mir-125b inhibitor and daPT were then gradually added to the HacaT cell culture fluid at increasing concentrations. As a result, Jagged-1 was upregulated, while nicd1 was downregulated. When daPT was added to the inhibitor at the highest concentration, nicd1 expression was lowest (Fig. 3i) , indicating that the notch signaling pathway activation by mir-125b downregulation may be completely inhibited by daPT, and mir-125b may suppress the activation of the notch signaling pathway. When mir-125b mimic and soluble Jagged-1 fragment were added concomitantly, nicd1 was upregulated (Fig. 3J) , implying that the notch signaling pathway, as inhibited by mir-125b, may be activated by an ectogenic Jagged-1 fragment.
miR-125b directly regulates the upstream protein BRD4 of Jagged-1. mir-125b directly or indirectly regulates Jagged-1 expression, thereby activating the notch signaling pathway. By using two computational bioinformatics methods, namely TargetsScan and miRanda, it was verified that Jagged-1 was not a direct target of mir-125b, and that the Brd4 3'-uTr may include a direct binding site of mir-125b (Fig. 4a) . To confirm the effect of miR-125b on the expression of BRD4, HacaT cells were transfected with the mir-125b inhibitor for 48 h. The mrna and protein expression levels of Brd4 were markedly upregulated (Fig. 4B and c) . By contrast, with the upregulated expression of mir-125b in HacaT cells, the mrna and protein expression levels of Brd4 were markedly decreased ( Fig. 4d and e) . Therefore, it was concluded that mir-125b inhibits Brd4.
To verify whether mir-125b directly acts on the 3'-uTr of Brd4, a luciferase assay was conducted in 293T cells transfected with mir-125b mimic or inhibitor (Fig. 4F  and G) . The luciferase activity was significantly decreased following co-transfection of Brd4-3'-uTr-WT and mir-125b. When Brd4-3'-uTr-Mutant and mir-125b were co-transfected, the inhibitory action of mir-125b was eliminated (Fig. 4H) .
BRD4 siRNA and miR-125b mimic exhibit similar inhibitory effects on HaCaT cell proliferation. The effects of Brd4 and mir-125b on HacaT cell proliferation were determined, and it was revealed that either the transfection of Brd4 sirna or mir-125b mimic markedly reduced cell proliferation (Fig. 5) .
Discussion
Psoriasis is a chronic inflammatory disease characterized by the abnormal differentiation and hyperproliferation of epidermal keratinocytes (3). It has several major histopathological changes, including hyperproliferation of keratinocytes, parakeratosis, inflammatory cell infiltration and neovascularization, as well as scaly erythema (3) . at present, the etiology and pathogenesis of psoriatic skin lesions are too complex to be fully elucidated (19) . The hyperproliferation of psoriatic epidermal cells is associated with the notch signaling pathway (20) . Furthermore, numerous mirnas participate in the pathophysiological process of psoriasis (21, 22) . in the present study, mir-125b potentially regulates the activation of the notch signaling pathway by inhibiting the upstream protein Brd4 of Jagged-1 in psoriasis.
Previous studies (14, 15) have demonstrated that mir-125b is mainly associated with inflammation, cell proliferation and differentiation in psoriasis. mir-125b acts on ubiquitin-specific peptidase 2 to induce psoriasis (23) . Injecting lipopolysaccharide may decrease miR-125b levels in mice, and the direct target gene of mir-125b is TnF-α. Furthermore, decreased mir-125b levels may promote TnF-α secretion (24) . mir-125b has also been demonstrated to be associated with hyperproliferation. Furthermore, mir-125b decreases keratinocyte proliferation by targeting fibroblast growth factor receptor-2 (14) . HaCaT cells (25, 26) are a non-tumor-immortalized human normal skin keratinocyte strain characterized by continuous differentiation and proliferation characteristics similar to normal human keratinocytes, and are thus ideal as a cell model for studying psoriasis. in the present study, adding mir-125b inhibitor to
HaCaT cell culture fluid markedly increased proliferation. The notch signaling pathway is associated with cell proliferation (27) . next, the regulatory effect of mir-125b on the proliferation of HacaT cells via the notch signaling pathway was investigated. Previous studies have demonstrated that notch-1 is involved in the abnormal proliferation and differentiation of vascular endothelial cells (28, 29) . in patients with psoriasis, the mrna and protein expression levels of notch-related proteins, including notch-1, notch-2, Jagged-1 and Hes1, were markedly decreased following treatment with biological agents. Therefore, the notch signaling pathway is a key signaling pathway involved in the onset and development of psoriasis (30) . in the notch signaling pathway, the cells are the ligands/receptors to each other, and the ligand and receptor of the notch signaling pathway are membrane proteins (31) . Following ligand binding, the receptor is sheared by the γ-secretase in the transmembrane region. The active intracellular domain (nicd) is released into the nucleus, and the downstream pathway is activated (32) . The notch signaling pathway is specifically blocked by a γ-secretase inhibitor (33) . To verify whether inhibiting mir-125b results in HacaT cell proliferation, the inhibitor daPT of the notch signaling pathway was used along with the mir-125b inhibitor. HacaT cell proliferation was inhibited, and mir-125b regulates such proliferation via the notch signaling pathway.
Following mir-125b being inhibited, the mrna and protein expression of downstream genes (Hes1, Hey1 and Hey2) of the notch signaling pathway were upregulated, indicating that the notch signaling pathway was activated following mir-125b inhibition. in order to detect which site of the notch signaling pathway was activated and in turn, which instigated the pathway, four types of receptors and five types of ligands of the Notch signaling pathway were investigated. The results demonstrated that the mrna expression of any of the four types of notch receptor was not upregulated (notch-1, notch-2, notch-3 or Notch-4); however, mRNA expression was upregulated for three (Jagged-1, Jagged-2 and DLL1) of the five types of ligands, most notably Jagged-1. Therefore, Jagged-1 was selected as the research target. Following knockdown of endogenous mir-125b expression, Jagged-1 and nicd1 were upregulated. Of note, NICD2 was also upregulated; nicd1 possesses the structural fragment(s) of the intracellular domains of all the notch receptors and is more highly expressed than nicd2. Therefore, the changes in nicd1 expression were highlighted. Transfection with mir-125b mimic revealed that Jagged-1 and nicd1 expression levels were downregulated, indicating that mir-125b directly or indirectly acts on the notch signaling pathway.
The results of the present study demonstrated that Brd4 was a potential target gene of miR-125b; it was previously reported to be an upstream signal molecule of Jagged-1 (34) . BeT proteins, including BrdT, Brd2, Brd3 and Brd4, are novel 'readers' of epigenetic information. These proteins regulate the activity of transcription factors by binding to histone or non-histone lysine residues. among these BeT proteins, Brd4 is the most widely studied. in the nF-κB signaling pathway associated with tumorigenesis, Brd4 recruits positive transcription elongation factor b proteins that activate the nF-κB signaling pathway and are critical for nuclear signaling. The Brd4 and nF-κB enhancers also bind to each other and form a 'super enhancer' complex that stimulates the nF-κB signaling pathway. Luciferase assay results confirmed that mir-125b directly targets the Brd4 3'-uTr. in summary, mir-125b tightly binds to 3'-uTr of Brd4 with highly-marching sequences and restrains the translation process of the Jagged-1 ligand. By further inhibiting the activation of the notch signaling pathway, mir-125b suppresses the proliferation of psoriasis cells. additionally, mir-125b is a critical molecule in the progress of psoriasis.
The limitations of the present study were as follows: The clinical sample size was small, and only few previous studies had investigated Brd4 through clinical samples. Given the extremely strong binding of Brd4 to histones and non-histone lysine residues, the mechanisms of actions of Brd4 on any of the ligands or receptors of the notch signaling pathway have not been investigated. Previous studies have focused on mir-125b and the activation of T cells. Various activated T-cell subsets, including Thl, Th2, Treg, Thl7 and cd8 T, under the action of different adhesion factors, migrate to the skin and aggregate. numerous cytokines are then simultaneously released to stimulate the hyperproliferation of keratinocytes, with an inflammatory reaction after the epidermis considerably thickens (35, 36) . By investigating the differentiation/proliferation of psoriasis cells, the significance of the present study lies in its discovery that mir-125b does not directly act on the notch signaling pathway but on the upstream molecule Brd4 of the ligand Jagged-1 of the notch signaling pathway (Fig. 6) . Therefore, the mirna indirectly regulates the notch signaling pathway. Furthermore, the notch signaling pathway is associated with the onset of psoriasis. Therefore, the present study is of great importance in the regulation and treatment of psoriasis. mir-125b may be a potential biomarker and therapeutic target for the treatment of psoriasis.
The present study revealed that mir-125b inhibits the expression of the upstream protein Brd4, and of the ligand Jagged-1 of the notch signaling pathway, thereby inhibiting the HacaT cell proliferation that is associated with the activation of the notch signaling pathway in psoriasis.
